UK Patent Application ™ GB „„ 2 170 799 A 

(43) Application published 13 Aug 1988 



(21) Application No 8603421 

(22) Date of tiling 12 Feb 19B6 
(30) Priority data 


(51) INTO. 4 
C03C1/02 3/04 3/06 

(52) Domestic classification (Edition H): 
C1M400401CC 


(31) 60/026001 (32) 13 Feb 1985 (33) JP 
60/156670 16 Ju! 1985 
607252301 11 Nov 1985 


(56) Documents cited 
None 

(58) Field of search 


(71) Applicant - 

Seiko Epson Corporation (Japan), 

4-1 2-chome Nishlshlnjuku, Shlnjuku-ku, Tokyo, Japan 


C1M 

Selected US specifications from IPC sub-class C03C 


(72) Inventors 

Nobutaka Matsuo. 
Yoshitakaltoh, 
Sadao Kanbe, 
Haruo Osafune, 
MasanobuMotoki 




(74) Agent anoYor Address for Servica 

J. Miller & Co., Lincoln House, 296-302 High Hotbom, 
London WC1V7JH 




(54) Method of preparing silica glass 



(57) A method of preparing silica glass comprises the steps of: preparing a first solution which contains particulate 
silica obtained by hydrolyzing an alkyi silicate with a basic reagent, preparing a second solution by hydrolya ng an 
alkyl silicateiwith an acid reagent, mixing said first and said second solutions at a predetermined mixing ratio to 
obtain a sol solution, gelling said sol solution to form a wet gel, drying said wet gel to form a dry gel, and sintering 
said dry get to obtain silica glass. 
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SPECIFICATION 

Method of preparing silica glass 

5 This Invention relates to a method for preparing silica glass. ..... . 5 

Various suggestions have been made for preparing a silica glass by the sol-gel method, e.g. by No- 
garni, Nakatani et al., Journal of Non-Crystalline Solids, 37,191, 1980; Ravinovich et al., Journal of Non- 
Crystalline Solids, 47,435, 1982; and Tok? et al; British Patent Application No. 84/18301. In the method of 
Toki et al., the pH of a sol solution of a metal alkoxide hydrotyzed solution, in which fine particle silica is 

10 uniformly dispersed, is adjusted to a value in the range of 3 to 6 and the porous dry get which is ob- 10 
tained is sintered. As a result, a large piece of silica glass (for example, 15cm in width, 15cm in length 
and 0.5cm in thickness) which cannot be attained by the other two methods Is prepared with a good 
yield. Thus Toki et al's method is the best of the above three methods. 
However, in the method of Toki et al.. the silica glass obtained by sintering is likely to contain impuri- 

15 ties such as metal ions, crystals, foams, and Irregularly shaped foreign particles. If the silica glass is re- t5 
quired to be of high quality, as will be the case if it is employed as a silica substrate for a photo-mask or 
as a preform of an optical fibre, the glass formed by the method of Toki et al.may not be of adequate 
quality. 

It is therefore an object of the present invention to provide a method for preparing silica glass of uni- 
20 form and high quality which Is free from impurities such as metal ions, crystals, foams and irregularly 20 
shaped foreign particles. 

Although, therefore, the present invention is primarily directed to any novel integer of step, or combi- 
nation of integers or steps, as herein disclosed, nevertheless according to one particular aspect of the 
present invention, to which, however, the invention is in no way restricted, there is provided a method of 

25 preparing silica glass comprising the steps of preparing a first solution which contains particulate silica 25 
obtained by hydrolyzing an alkyl silicate with a basic, reagent, preparing a second solution by hydrolyzing 
an alkyl silicate with an acid reagent, mixing said first and said second solutions at a predetermined mix- 
ing ratio to obtain a sol solution, gelling said sol solution to form a wet gel, drying said wet gel to form a 
dry gel, and sintering said dry gel to obtain silica glass, 

30 In the present invention, a liquid material of high purity can be selected as a starting material and so 30 
high-quality silica glass can be produced which does not have impurities such as metal ions, debris, dust 
and other foreign particles. 

Preferably, pores in the dry gel are closed. This may be effected in an He atmosphere or under reduced 
pressure. Alternatively, the pores may be closed under reduced pressure after processing in an He at- 

35 mosphere. 35 
Before closing pores in the dry gel, the dry gel may be subjected to a treatment comprising removing 
an OH group and/or removing chlorine or "fluorine. " 

The pores may, moreover, be closed by heating the dry gel to a temperature between 900 and 1400°C 
at a heating rate of between 30 and 400° per hour. 

40 Preferably the sol solution is introduced Into a container prior to being gelled therein. 40 
The main particle diameter of the said particulate silica is preferably between 0.01 and 1.0 microns. 
Moreover, the first and second solutions may be mixed in the ratio of between 20 to 80 and 85 to 15 in 
terms of thewolar ratio of the silica Included in the first and second solutions respectively. Furthermore, 
the sol solution may be gelled after its pH has been adjusted to a valve of at least 3.0. The features 

45 mentioned In this paragraph assist In producing a porous dry gel which is unlikely to be fractured during 45 
the sintering step. 

Preferably,' the amount of particulate silica in the said first solution is at least 0.05 g/ml. Moreover, it is 
preferable tmrt the amount of effective silica in the sol solution is at least 0.1g/ml. The features men- 
tioned in this paragraph assist in the formation of a wet gel composition which is unlikely to be fractured 
50 during the diving step. 50 
The wet gel is preferably dried by heating the wet gel to a temperature of between 50 and 160°C at a 
heating rate of 120°C per houryThis assists in the formation of a dry gel having a good yield (i.e. a large 
number of acceptable articles). - 
The sintering of the dry gel preferably comprises removing absorbed water therefrom. Thus the ab- 
55 sorbed water may be removed by heating the dry gel to a predetermined temperature of between 20 and 55 
400°C at a heating rate of not more than 400°C per hour. Moreover, the dry gel is preferably maintained 
at the predetermined temperature for at least an hour. - 

The sintering of the dry gel also preferably comprises removing carbon therefrom. Thus the carbon 
may be removed by heating the dry gel to a temperature of between 400 and 900°C at a heating rate of 
60 between 30 and 400°C per hour. 60 
The sintering of the dry gel also preferably comprises promoting a dehydrating condensation reaction. 
This reactionmay be promoted by heating the dry gel to a temperature of between 900 and 1300°C at a 
heating ratekf between 1 and 400°C per hour Preferably, the dry gel is maintained at the last-mentioned 
temperature-for at least 30 minutes. 
65 The pores of the dry gel may be closed by heating the dry gel to a temperature in the range of 900 to 65 
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1400X at a heating rate of between 30 and 400°C per hour. Moreover, the dry gel may be maintained at 
the last-mentioned temperature for at least 1 hour. 

The dry gel is preferably made vitreous by heating the dry gel to a predetermined temperature and 
maintaining it at this temperature for a predetermined length of time. 
5 The features mentioned in the preceding five paragraphs assist in the formation of a transparent glass 5 
with a good yield. . " 

By using the features described above/a high-quality silica glass can be produced which contains far 
less in the way of impurities such as metal ions, crystals, foams and other irregularly shaped foreign 
particles in comparison with the glass produced by the conventional methods. 
«I0 Moreover, by closing the pores as described above, the foams and irregularly shaped foreign particles 10 
included in trie so-obtained glass are further reduced. Thus such closing of the pores assists in eliminat- 
ing small foams of a diameter of less than 1 micron and assists in eliminating spaces caused by foreign 
particles which are likely to be produced when making the dry gel vitreous. In this way, an extremely 
high quality silica glass can be obtained which Is to be used for purposes such as a silica substrate for a 
15 photo-mask. 15 

Furthermore, by combining the following features with the above-mentioned features, an extremely 
high quality silica glass and a preform of an optical fibre may be prepared with a good and stable yield:- 

(1) The materials of the first and the second solutions should be of high-purity and the small amount of 
dust and foreign particles should be eliminated by distillation, filtration (e.g. in a filter whose holes are of 

20 a diameter of not more than 0.2 microns) and so on. 20 

(2) The steps before the casting of the sol solution into the container should be performed at a cleanli- 
ness not less than class 3000 and preferably of class 100. 

Preferably, the first solution is subjected to a centrifugal force of between 50 and 10,000 G, and the 
obtained supernatant liquid and the second solution are mixed together. 
25 Preferably also the first solution is filtered at least once with a filter having a fineness of not more than 2 5 
50 microns, and the resulting filtrate and the second solution are mixed together. Moreover, the said 
second solution may have been filtered at least once with a filter having a fineness of not more than 50 
microns. 

The sol solution may be filtered at least once with a filter having a fineness of not more than 50 mi- 
30 crons. 30 
The soi solution may be subjected prior to gelation to a reduced pressure. 
The sol solution may be gelled while subjecting it to a centrifugal force of between 50 and 500G. 
The hydrolysis of the second solution may be effected while adding at least 20% alcohol by weight 
with respect to the alkyl silicate- 
35 The container preferably has openings which collectively comprise not more than 10% of the surface 35 
area of the container. - 

The wet gel is preferably allowed to shrink prior to the start of the drying. Thus the wet gel is prefera- 
bly allowed to' shrink by at least 8% in length prior to the start of the drying. 
The sol solution is preferably maintained in the container at a temperature of between 10 and 50°C. 
40 The inner surface of the container whTch is in contact with the sol solution may be of hydrophobic 40 
material. 

The sintered silica glass produced Is preferably transparent 

Before closing the pores in the gel, the steps of removing any oH group and of removing chlorine or 
fluoride may be effected. • . . 

45 The invention also comprises a silica glass member when made by the method described above. Such 45 
a glass member may be a plate, or may be cylindrical or may be tubular. 
The invention is illustrated by the following Examples. 

Example I 

50 t Preparing the first solution 50 
704.8g of refined commercially available ethyl silicate, 3766ml of anhydrous ethanol, 225.9ml of ammo- 
nia water (29%) and 243.8g of water were mixed and the mixture was violently stirred for 2 hours. Then 
the resulting solution was maintained still in a cool, dark place overnight to grow fine particle silica. The 
solution was condensed under the reduced pressure to 560ml and the pH thereof was_adjusted to 4.5 by 
55 using 2 normal hydrochloric acid to yield the first solution. 55 
The first sofotion included 203.9g of silica particles whose mean particle diameter was 0.14 micron. 
(The calculated amount of silica in the first solution was about 033g/ml). 
. «•..-.. 

2. Preparing the second solution 
60 199.5g of 0.02 normal hydrochloric acid was added to 576.6g of refined commercially available ethyl ' 60 
silicate and the mixture was violently stirred to carry out the hydrolysis, and thus the second solution 
was obtained. 
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3. Preparin^the sol sofutfon and gelation 

The first and second solutions formed as above were mixed and the pH of the mixture was adjusted to 
4.7 by using; 0.2 normal ammonia water and water and the volume thereof was adjusted to 1600ml to 
yield the sol solution. (The concentration of effective silica in the sol solution was 0.231 g/ml). 
5 The sol solution was cast into ten polypropylene containers (of 400mm width, 400mm length and 5 
100mm height) by pouring and each container was seated with a lid, In 45 minutes from the time when 
the pH was adjusted, the sol was gelled and a wet gel was obtained. 

4. Drying 

10 The wet ojels formed in the manner described above were aged for 2 day^ while being maintained Jn-./ 10 
the sealed containers. Then the lid of each container wa^ 

which covered 0.4% of the surface area of the ltd, and the wet gel was then dried at 60°C. In;14 days/ 9 
dry gels which were notfractu red even at the room temperature were obtained with a yield of 90%. 

15 5. Sintering 15 
The 9 dry gels were placed in a sintering oven and were heated from 30°C to 200°C at a heating rate at 
30°C per hour, were maintained at 200°C for 5 hours, were heated from 200°C to 300°C at a heating rate 
of 30°C per hour, and were maintained at 30D°C for 5 hours to remove the absorbed water. 
Then the gels were further heated from 300°C to 1050°C at a heating rate of 30°C per hour and were 
20 maintained at 1050°C for 30 minutes to remove carbon and ammonium chloride and to promote a dehy- 20 
drating condensation reaction. 

The gels Were then heated at 1250°C at a heating rate of 30°C per hour and were maintained at 1250°C 
for 30 minutes to close the pores in the gels and were then heated to 1400°C at a heating rate of 60°C per 
hour, and were maintained at 1400°C for 1 hour to remove the pores. As a result, 9 transparent silica 
25 glass mernfcjers were obtained with a yield of 100%. 25 
By poltshfng opposite sides of the silica glass members so obtained, silica glass plates of 18cm width, 
18cm lengtrf and 2mm thickness were obtained. . 

It was fouhd that, in preparing the second solution, if the hydrolysis was carried out while adding at 
least 20% alcohol by weight with respect to the alfcyl silicate, the reaction progressed more uniformly and 
30 accordingly the viscosity of the obtained second solution and consequently of the sol solution was low- 30 
ered, so that the handling of the sol solution was facilitated. However, in this case, the transparent glass 
member which is obtained is a little smaller and so whether this feature is used or not will depend upon 
the cost. 

35 Example II 35 
In order to assess the conditions required for making a silica glass member of the same size as those 
of Example 1 with a good yield, the various experiments were conducted and the results are shown in 
Table 1 below. From the results of these experiments, the following features are shown to be desirable:- 

1) The mean particle diameter of the fine particle silica included in the first solution should desirably be 

40 between 0.01 and 1.0 micron. 40 

2) The concentration of the fine particle silica included in the first solution should desirably be 0.5g/ml 
or higher. • 

3) The first and the second solutions should desirably be mixed in the ratio of between 20 and 80 to 20 
in terms of the molar ratio of included silicon atoms. 

45 4) The concentration of the effective silica content in the sol solution should desirably be 0.10g/ml or 45 
more. ~? 

5) The sol-solution should desirably be gelled after adjusting the pH of the sol solution to a predeter- 
mined value; of at least 3. 

6) The wet gel should desirably be dried in a container covered with a lid having openings constituting 

50 not more th|n 10% of the surface area of the lid. 50 

7) The wet gel should desirably be dried by heating it from 40X to a predetermined temperature be- 
tween 50 and 160°C at a heating rate of not more than 1 20°C per hour/ 

8) The dry gel should desirably be sintered to form a transparent glass member by*the following 5 
processes: 

55 (i) removing absorbed water 55 

(ii) removing carbon 

(iii) promoting a dehydrating condensation reaction 

(iv) closing the pores in the gel 

(v) making the gel vitreous. 

60 9} The absorbed water should desirably be removed by heating the dry gel to a predetermined temper- 60 
ature between 20 and 40O°C at a heating rate of not more than 400°C per hour and, if necessary, main- 
taining it at this temperature for at least 1 hour* 

10) Carbon should desirably be removed by heating the dry gel to a predetermined temperature be- 
tween 400 and 900°C at a heating rate of between 30 and 400°C per hour. 

65 11) The dehydrating condensation reaction should desirably be promoted by heating the dry gel to a 65 
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predetermined temperature between 900 and 1300°C at a heating rate between 1 and 400°C per hour and, 
rf necessary, maintaining it at this temperature for at least 30 minutes. 

12} The pores should desirably be closed by heating the dry gel to a predetermined temperature be- 
tween 900 and 1400°C at a heating rate of between 30 and 400°C per hour and, if necessary, maintaining 
5 the dry gel at this temperature for at least 1 hour. 5 
13) The dry gel should desirably be made vitreous by heating the dry gel to a predetermined tempera- 
ture and maintaining it at this temperature for a predetermined period of time. 
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als the mean particle diameter of fine particle silica included in the first solution. 
C, is the concentration of fine particle silica included in the first solution, 

1/1+ 2 is the molar number of the silicon included in the first solution with respect to the molar num- 
ber of the silicon included In the first and second solutions, 
C, is the concentration of effective silica in the sol solution . 
pH is the *pH of the sol solution 

Opening ratio is the ratio rate of the total area of the openings in the lid with respect to the surface 
area of the lid 

* The drying conditions and the sintering conditions were the same as in Example I, 
** Various conditions were examined. 
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Example l/l 

In order to assess the conditions required for obtaining an extremely high-quality silica glass member, 
various experiments were conducted and the results are shown in Table 2 below. From the results, it is 
j5 proved to be preferable to employ some or all of the following conditions for economic reasons:- 

1) The pores in the dry gel may be closed by one of the following three methods: 

(i) The pores are closed In an He atmosphere 

(ii) The pores are closed under reduced pressure. 

(iii) The pores are closed under reduced pressure after processing in an He atmosphere. 

2) The first and the second solutions as the starting materials should desirably be of high-purity and 
small amounts of debris and foreign particles should desirably be removed by distillation or filtration. 

3} The processes employed until the sol solution is cast into a predetermined container should desira- 
bly be performed with a cleanliness of not more than class 3000 and preferably not more than class 100. 

4) After applying centrifugal force between 50 and 10000G to the first solution, the obtained superna- 
25 tant liquid and the second solution should be mixed. 

5) After filtering the solution at least once using a filter having a fineness not more than 50 micron, the 
obtained supernatant liquid and the second solution should be mixed. 

6) After filtering the second solution at least once using a filter having a fineness not more than 50 
microns, the obtained filtrate and the first solution should be mixed. 

7) The sof solution should desirably be filtered at least once using a filter having a fineness not more 
than 50 midrons. 

8) Before^the gelation, the sol solution should desirably be processed at least once under reduced pres- 
sure. 

9) The sol solution should desirably be cast into a predetermined container and gelled while applying a 
35 centrifugal force of between 50 and 500G. 

10) Before closing the pores in the gel, a step of removing an OH group and a step of removing chlor- 
ine or a step of removing^fluorine should preferably be included. 

TABLE 2 
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*1 1000G 1 hour O . . processed X . . unprocessed 
*2 pore diameter of final filter (membrane type) 

X . . unprocessed 
*3 SOmmHg 2 minutes O . . processed X . . unprocessed 
♦4 200 G about 45 minutes O . . processed 

X . . unprocessed 
♦5 number of foreign particles per 1 inch square:- 

0{0~t),A(1 ~10),X(>10). 
♦6 The light of a condenser lamp was shone onto the 

container and its scattering was observed by the naked 

eye. 



30 



35 



40 © nothing was seen O . . almost nothing was seen 40 

A ... a flickering was seen X ..seemed hazy 
*7 A . . excellent quality B . . extremely high quality 

i C . . high quality D . . norma! 

*8 After removing OH group, and removing chlorine, pores were , 
45 ? closed. 45 

In this embodiment, the detailed experimental conditions are omitted from description. However, the 
same conditions as in Example I are used. 
50 The ste|i of removing the OH group and the step of removing chlorine and fluroine are performed as 50 
follows: 

After promoting the dehydrating condensation reaction ?n the same way as in Example I, the gel was 
cooled down to 700°C and maintained for 30 minutes while a gas consisting of a mixture of 2 flrnfn of He 
amd 0.2 of ce a was passed over it Then the gel was heated at 800°C at a heating rate of 60°C per hour 

55 while He gas only was passed over it, the gel was maintained at 800°C for 1 hour while a gas consisting 55 
of a mixture of 2<7min of He and 0.2l/min of was passed over it the gel was further heated at 900°C 
at a heating rate of 60 fl C per hour while He gas only was passed over it and the gel was maintained at 
900°C for 1 hour while a gas consisting of a mixture of 2€/min of He and 0^/min of C€ 2 was passed over 
it thus removing any OH group. Then, by heating the gel to 1000°C at a heating rate of 60°C per hour 

6 o while a gas consisting of a mixture of HE and O a in a ratio of 2#mfn to 0.4€/min was passed over it,- the 60 
gel being maintained at 1000°Cfor 1 hour, chlorine was removed. 

It is clear that the present invention is applicable not only to the production of a pure silica glass mem- 
ber but also to a silica glass member including dopant such as Ti. 
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Example IV 

1. Preparation of the first solution 

1678.0 grams of ethyl silicate. 3585 mili-litres of unhydrated ethanol, 109 mili-litres of 29% ammonia 
water and 580.6 grams of water were mixed and the mixture was violently stirred. Then the solution was 
5 maintained still in a cool, dark place for one night to age the silica particles included therein. 5 

After condensing the resulting solution under reduced pressure, the alcohol in the condensed solution 
was substituted by water in order to improve the yield in the subsequent drying step. The pH of the 
solution was adjusted to 4.0 by the addition of 2 normal hydrochloric acid in order to prevent abrupt 
gelation at the time when the solution would be mixed with the hydrolyzed solution. The resulting solu- 
in tion was filtered by a membrane filter as fine as 0.6 microns to obtain a silica dispersed solution contain- -| 0 
ing silica particles whose mean particle diameter was 0.18 microns. 

This solution is referred to as the first solution. 

2. Preparation of the second solution 

15 950.0 grams of 0.02 normal hydrochloric acid was added to 1372.9 grams of ethyl silicate and the solu- 15 
tion was violently stirred to make the second solution. 

3. Preparation of the sof solution and the gelation thereof 

The first and the second solutions were mixed together and the pH of the mixture solution was ad- 
20 justed to 4.69 by adding 0.2 normal ammonia water and water and the volume thereof was adjusted to 2 0 
4000ml to obtain the sol solution. (The effective silica concentration of this sol solution was 0.220g/ml.). 

The sol solution was cast to a depth of 2000mm into a cylindrical container of 50mm Inner diameter 
and 2100mm height After eliminating air for 2 minutes under a pressure of 50 torr, the container was 
covered by a lid and sealed. Gelation occurred 40 minutes after the pH of the sot solution was adjusted 
25 and a wet gel was obtained. 25 

The above steps 1, 2 and 3 were performed in a clean room whose cleanliness was of class 100. Fur- 
thermore, the ethyl silicate, ethanol and water employed had been refined by distillation, and the hydro- 
chloric acid and ammonia water employed included extremely little in the way of metal ion impurities, 
the latter having been filtered off by a membrane filter as fine as 0.2 microns. 

30 30 

4> Drying 

10 wet gels obtained as above were aged in sealed containers for 3 days and then each gel was moved 
into a respective rotatable container having openings constituting 0.2% of the surface area.'£s^^W:giel ; -V- 
was dried aV60°C as the rotatable container was rotated at a rotational speed of 0.1 rotations per minut^ . 

35 In 17 days, ? dry gels were obtained which were stable enough so that no fracture 'oi^ir^'^eft;;ij • 35 
room temperature^ Thus the yield was 90%. The volume density of the obtained dry gei was 0.72g/cm 3 . 

Then the § dry gels obtained as above were placed in a sintering oven and heated to 200°C at a heat- 
ing rate of 30°C per hour, maintained at 200°C for 5 hours, were further heated to 300*0 at a heating rate 
of 30*C per hour and were maintained at 300°C for 5 hours to remove the absorbed water. The gels were 

40 heated from 300°C to 920°C at a heating rate of 60X per hour and were maintained at 920°C for 2 hours 40 
to remove carbon and ammonium chloride and to accelerate the dehydration condensation reaction. The 
gels were then cooled down to 800°C and were maintained at 8G0°C for 30 minutes while Ct x was passed 
over them at 0.2 litres per minute and He was passed over them at 2 litres per minute, the gels then 
being heated to 900°C at a heating rate of 60°C per hour, maintained at 900°C for 1 hour, heated to 

45 1000°C at a heating rate of 60°C per hour and maintained at 1000°C for 3 hours to remove any OH group. 45 
Then with O a gas flowing over them, at 1 litre per minute, the gels were heated to 110°C at a heating rate 
of 60°C per hour and were maintained at 1100°C for 30 hours to remove chlorine. Thereafter with only He 
gas being passed over them, the gels were heated to 1250°C at a heating rate of 30°C per hour and were 
maintained at 1250°C for 30 minutes to close the pores in the gels. The gels were then heated to 1450°C 

50 at a heating rate of 60°C per hour and were maintained at 1450°C for 1 hour, as a result of which the gels 50 
became non-porous. Thus 9 cylindrical transparent glass members were obtained with a yield of 100%. 

The dimensions of each gfass member so obtained was 23.2mm outer diameter and 928mm length, its 
weight being 862g. The yield of the material was almost 100%. - 
The obtained transparent glass was perceived to be of uniform quality and of the sufficient clarity 

55 when observed by the naked eye. 55 
Moreover/by drawing the transparent glass so obtained and using a fluoric polymer as a cladding, 
more than 10km of optical fibre of 200 microns in core diameter and 300 micron in the diameter of the 
cladding was obtained for every one transparent glass member. The transmission loss of the optical fibre 
was less thah 4dB/km at a wavelength of 0.85 microns and thus this optical fibre was demonstrated to* be 

60 satisfactory in quality as an optical fiber for LAN. 60 
Furthermore, the transparent glass of this Example has a very good light transmission property in itself 
and so may be used as a light transmission silica bar of a diameter from some hundred microns to some 
centimeters as it is or as a Q fibre. Such a light transmission silica bar can be used for illuminating a 
farm in a space station or an under-water ranch. 
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Example V 

A sol solution, which was prepared as In Example IV, was gelled by rotating a gelling means and a 
tubular wet gel of 50mm outer diameter, 25mm inner diameter and 2000mm length was obtained. 10 wet 
gels were dried and sintered by following the same steps as in Example IV and then 10 transparent glass 
5 members Were obtained with a yield of 100%. 5 

The transparent glass member so obtained was of 23.2mm outer diameter, 1 1 .6mm^?nner diameter and 
928mm length. 

By drawing the transparent glass member so obtained and by using a fluoric polymer as a cladding, 
more than 8km of an optical fiber of 200 microns core diameter and 300 microns diameter of cladding 
10 was obtained per glass member. The transmission loss of the optical fibre so obtained fwas 4dB/km at a 10 
wavelength of 0.85 microns and thus the optical fibre obtained was demonstrated to be used as an opti- 
cal fibre for LAN. 

Moreover, since the transparent glass member so obtained is tubular, it is suitable for a support tube 
for MCVD, a jacket tube of the preform used in the VAD method or the MCVD method, or a cladding tube 
t5 used in the rod-in-tube method. 15 

Particularly, since the transparent glass so obtained incudes very little water (less than 100ppb), such a 
transparent glass can be used for producing an extremely high-quality optical fibre. 

Example VI 

20 A sol solution prepared as in Example IV was introduced to a depth of 80mm Into a Teflon (Registered 20 
Trade Mark) container of 200mm square x 100mm inner dimension and then gelled. By drying and sin- 
tering the gel so obtained at a ratio slower than in Example IV, a silica glass of 92mm square x 37mm 
thickness was obtained. 

Since this silica glass passes ultraviolet and visible light well and even passes light of a wavelength of 
25 200nm, such a silica glass can be employed as a photomask used in the manufacture of an ultra-scale- 25 
integrated circuit of more than 1Mbit 

furthermore, because the silica glass of this Example was thick, the glass could be made into a lens or 
prism. The*lens obtained could be used in the manufacture of 256Kbit SRAM. 
\ 

30 Example VII 30 
' t Preparation of the first solution 

Ethyl silicate, etna no! and water all refined by distillation, and guaranteed commercially available 29% 
ammonia water were filtered by a membrane filter having holes whose diameter was 0.2 microns and 
were mixed to form the compositions shown in Table 1. After being violently stirred for 4 hours, each 
35 solution was maintained still in a cool and dark place for one night to grow fine particle silica. Each 35 
solution was condensed and its pH was adjusted, and it was then filtered by a membrane filter having 
holes whose diameter was 10 microns. The resulting solution was referred to as the first solution. 

The first solution ABC 

40 40 

Ethyl silicate 44.1 litres 44.1 litres 41.1 litres 

Ethanol 67.2 litres 67.2 litres 67.2 litres 

Water 16.0 litres 15.6 litres 15.0 litres 

Ammonia water 0.8 litres 1.2 litres 1.8 litres 

45 45 

The mean particle diameters of the fine particle silica mcuded in the resulting first solutions A, B and C 
were 0.15 rjiicrons, 0.25 microns and 0.40 microns, respectively. 

50 Z Preparation of the second solution 50 
6.15 litres of 0.02 norma! hydrochloric acid filtered by a membrane filter having holes whose diameter 
was 0.2 microns was added to 18.9 litres of ethyl silicate refined by distillation, and the mixed solution 
was violently stirred for carrying out the hydrolyzation. The resulting solution was referred to as the sec- 
ond solution. In this Example, three second solutions were prepared. 
55 55 
3. Preparation of the sol solution 

The first solution A and one of the second solutions were mixed and the solution was filtered by a 
membrane filter having holes whose diameter was 0.8 microns. The solution was referred to as the sol 
- solution A. 

60 Similarly, the first solution B and one of the remaining second solutions were mixed and the mixture 60 
was filtered by a membrane filter having holes whose diameter was 2.0 microns. The solution was re- 
ferred to as the sol solution B, 

Similarly, the first solution C and the remaining second solution were mixed and the mixture was fil- 
tered by a membrane filter having holes whose diameter was 3.0 microns. The resulting solution was 

65 referred to as the sot solution C. 65 
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The pH and the liquid temperature of the so! solutions obtained as above were 4,5 and 20 D C, respec- 
tively. 

4. Gelation and drying 

5 900-milMitres of the sol solution A was cast into 50 containers (300mm square x 100rri height in inner 5 
diameter) and, after sealing the containers with lids, the sol solution A was gelled to yield 50 wet gels. 
In the same way as above, 50 wet gels were formed respectively of the sol solutions B and C. 
Then the so-obtained 150 wet gels in the sealed containers were aged at 30°C for 3 days and thereafter 
the lids of the containers were replaced by other lids having openings constituting 0,4% of the surface . . 
10 area of the lids, and the gels were dried therein at 65°C. In 14 days, dry gels were obtained which did not io 
fracture even in the atmosphere and which had the yield shown by fable 4. 



TABLE 4 

15 

Sol solution used Yield (%) 

Sol solution A 62 

Sol solution B 78 

20 Sol solution C 84 



5. Sintering 

The three kinds of dry gels obtained above were placed in a sintering oven in groups of 10 and were 
25 heated from 30°C to 200°C at a heating rate of 60 C C per hour and were maintained at 200°C for 5 hours. 25 
Then the gels were further heated from 2Q0°C to 300°C at a heating rate of 60°C per hour and were main- 
tained at 300°C for 5 hours to remove the absorbed water. 

The gels were heated from 300°C to 700°C at a heating rate of 60°C per hour, were maintained at 700°C 
for 20 hours, and were then heated from 700°C to 900°C at a heating rate of 60°C„ maintained at 900°C 
30 for 10 hours, further heated from 900°C to 1000°C at a heating rate of 60°C and maintained at 1000°C for 30 
10 hours to remove carbon and ammonium chloride and to accelerate the dehydration condensation re- 
action. 

While He gas was flowing into the sintering oven, the temperature was raised to 1200°C at a heating 
rate of 60°C and the gels were maintained at 1200°C for 2 hours to close the pores in the gels. 
35 Further, the gels were heated to 1300°C at a heating rate of 60°C per hour and maintained at 1300°C for 35 
1 hour. Then the gels became non-porous and 30 transparent glass members were obtained with a yield 
of 100%. 

By polishing^ opposite surfaces of each of the resulting silica glass members, silica glass plates of 
1 52mm square x 3mm thickness were obtained. 
40 The silica glass of this Example included no observable foreign particles and was proved to be of ex- 40 
tremely high quality. Moreover, the spectral characteristics of the glass over the ultra violet and visible 
range were flat Accordingly, the obtained silica glass was of satisfactory quality for the photomask sub- 
strate used In manufacture of integrated circuits. 

45 Example VIII 45 
10 of each of three kinds of the dry gels obtained in the above Example VII (30 in all) were sintered by 
following the sintering programme specified below. 

The gels were heated from 30°C to 200°C at a heating rate of 30°C per hour, were maintained at 200°C 
for 5 hours, and were then heated from 200°C to 300°C at a heating rate of 30 W C per hour and were 
50 maintained for 300°C for 5 hours to remove absorbed water. 50 
Next, the gels were heated from 300°C to 700°C at a heating rate of 30°C per hour, were maintained at 
700°C for 20 hours, were heated from 700°C to 900°C at a heating rate of 30°C and were maintained at 
900°C for 10 hours to remove carbon and ammonium chloride and to accelerate the dehydration conden- 
sation reaction. . 

55 Then the gels were cooled down to 700°C and were maintained for 30 minutes while subjected to a 55 
flow of He at the rate of 20 litres per minute and of C€ 2 at the rate of 2 litres per minute. The gels were 
heated to 1000?C at a heating rate of 30°C per hour and were maintained at 1000°C for 5 hours to remove 
any OH groups. 

While subjected to a flow of 0 2 gas at the rate of 20 litres per minute, the gels were maintained at 
60 1000°C for 1 hour and were heated to 1100°C at a heating rate of 60°C per hour, and were maintained at 60 
1 1 00°C for 20 Hours to remove chlorine. 

While subjected to a flow of He gas at the rate of 20 litres per minute, the gels were maintained at 
1100°C for 1 hqW and thereafter heated to 1200°C at a heating rate of 30*C per hour, maintained at 
1200'C for 10 hours, further heated to 1250°C at a heating rate of 30°C per hour and maintained at 1250°C 
65 for 10 hours to'close the pores In the gels. 65 
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The temperature was raised to 1400°C at a heating rate of 60°C per hour and was maintained at 1400°C 
for 1 hour. Then the gels became non-porous and 30 transparent glass members were obtained with a 
yield of 100%. 

By polishing opposite surfaces of the glass members, silica glass plates of 152 mm square x 3mm 
5 thickness were obtained. 5 
No foreign particles were observed in the silica glass plates of this Example and so the silica glass was 
proved to be of high quality. Additionally, the spectral characteristics of the gfass over the ultra violet 
and visible range were fiat and suitable for use as the photomask substrate used in the manufacture of 
integrated circuits. Moreover, any OH group included in the glass was less than Ippm and the glass was 
10 guaranteedjrto be transparent over a wide range from ultra violet to infrared. Accordingly, the glass pro- io 
duced has 4 quality which is satisfactory for use as a eel! for various kinds of chemical, biological, physi- 
cal and optical experiments. 



CLAIMS 

15 15 

1. A method of preparing silica glass comprising the steps of: preparing a first solution which con- 
tains particulate silica obtained by hydrolyzing an alkyl silicate with a basic reagent, preparing a second 
solution by hydrolyzing an alkyl silicate with an acid reagent, mixing said first and said second solutions 
at a predetermined mixing ratio to obtain a sol solution, gelling said sol solution to form a wet gel, 

20 drying said wet gel to form a dry gel, and sintering said dry gel to obtain silica glass. 20 

2. A method as claimed in claim 1 comprising closing pores in the dry gel. 

3. A method as claimed in claim 2 in which the closing of pores in the dry gel is effected In an He 
atmosphere. 

4. A method claimed in claim 2 in which the closing of pores in the dry gel is effected under reduced 

25 pressure. 25 

5. A method as claimed in claim 2 in which the closing of pores in th dry gel is effected under re- 
duced pressure after processing in an He atmosphere. 

6. A method as claimed in any of claims 2 to 5 in which, before closing pores in the dry gel, the dry 
gel is subjected to a treatment comprising removing an OH group and/or removing chlorine or fluorine. 

30 7. A method as claimed in any of claims 2-6 in which the pores are closed by heating the dry gel to a 30 
temperature between 900 and 1400°C at a heating rate of between 30 and 400°C per hour. 

8. A method as claimed in any preceding claim in which the sol solution is introduced into a con- 
tainer priorto being gelled therein. 

9. A method as claimed in any preceding claim in which the mean particle diameter of the said partic- 

35 ulate silica is between 0.01 and 1.0 microns. 35 

10. A method as claimed in any preceding claim in which the first and second solutions are mixed In 
the ratio of between 20 and 80 and 85 to 15 in terms of the molar ratio of the silica included in the first 
and second- solutions respectively. 

11. A method as claimed in any preceding claim in which the sol solution is gelled after its pH has 

40 been adjusted to a value of at least 3.0. 40 

12. A method as claimed in any preceding claim in which the amount of particulate silica in the said 
first solution is at least 0.05g/ml. 

13. A method as claimed In any preceding claim in which the amount of effective silica in the sol 
solution Is at least 0.1g/ml. 

45 14. A method as claimed in any preceding claim in which the wet gel is dried by heating the wet gel 45 
to a temperature of between 50 and 160*C at a heating rate of 120°C per hour. 

15. A method as claimed in any preceding claim in which the sintering of the dry gel comprises re- 
moving absorbed water therefrom. 

16. A method as claimed in dalm 15 in which the absorbed water is removed by heating the dry gel 

50 to a predetermined temperature of between 20 and 400°C at a heating rate of not more than 400°C per 50 
hour. £ 

17. A method as claimed in claim 16 in which the dry gel is maintained at the predetermined temper- 
ature for at least an hour. — 

18. A method as claimed in any preceding claim in which the sintering of the dry gel comprises re- 

55 moving carbon therefrom. 55 

19. % A method as claimed in claim 18 in which carbon is removed by heating the dry gel to a tempera- 
ture of between 400 and 900°C at a heating rate of between 30 and 400°C per hour. 

20. A method as claimed in any preceding claim in which the sintering of the dry gel comprises pro- 
moting a dehydrating condensation reaction. 

60 21. A method as claimed in claim 20 in which the dehydrating condensation reaction Is promoted by 60 
heating the dry gel to a temperature of between 900 and 1300°C at a heating rate of between 1 and 400°C 
per hour. 

22. A method as claimed in claim 21 in which the dry gel is maintained at the last-mentioned temper- 
ature for at least 30 minutes. 
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23. A method as claimed in any preceding claim in which the dry gel Is made vitreous by heating the 
dry gel to a- predetermined temperature and maintaining it at this temperature for a predetermined 
length of tlfoe. 

24. A method as claimed in any preceding claim in which the first solution is subjected to a centrifu- 

5 gal force of between 50 and 10,000 G, and the obtained supernatant liquid and the second solution are 5 
mixed together* 

25. A method as claimed in any preceding claim in which the first solution is filtered at least once 
with a filter having a fineness of not more than 50 microns, and the resulting filtrate and the second 
solution are mixed together. 

IQ 26. A method as claimed in claim 25 in which the said second solution has been filtered at least once 10 
with a filter having a fineness of not more than 50 microns. 

27. A method as claimed in any preceding claim in which the sol solution is filtered at least once with 
a filter having a fineness of not more than 50 microns. 

28. A method as claimed in any preceding claim in which the sol solution is subjected prior to gela- 

15 tion to a reduced pressure. 15 

29. A method as claimed in claim 8 or in any claim appendant thereto in which the sol solution is 
gelled while subjecting it to a centrifugal force of between 50 and 50 0G. 

30. A method as claimed in any preceding claim in which the hydrolysis of the second solution is 
effected while adding at least 20% alcohol by weight with respect to the alkyl silicate. 

20 31. A method as claimed in claim 8 or in any claim appendant thereto In which the container has 20 
openings which collectively comprise not more than 10% of the surface area of the container. 

32. A method as claimed in any preceding claim in which the pores of the dry gel are closed by heat- 
ing the dry jjel to a temperature in the range of 900 to 1400°C at a heating rate of between 30 and 400°C 
per hour, t 

25 33. A method as claimed in claim 32 In which the dry gel Is maintained at the last-mentioned temper- 25 
ature for at least 1 hour. 

34. A method as claimed in any preceding claim in which the wet gel is allowed to shrink prior to the 
start of the drying. 

35. A method as claimed in claim 34 in which the wet gel is allowed to shrink by at least 8% in length 

30 prior to the start of the drying. 30 

36. A method as claimed in claim 8 or in any appendant thereto in which the sol solution is main- 
tained in the container at a temperature of between 10 and 50°C. 

37. A method as claimed in claim 8 or in any claim appendant thereto In which the inner surface of 
the container which is in contact with the sol solution is of hydrophobic material. 

35 38. A method as claimed in any preceding claim in which the sintered silica glass produced is trans- 35 
parent. 

39. A method of preparing silica glass substantially as hereinbefore described with reference to any of 
the Examples. 

40. A silica glass member when produced by the method claimed In any preceding claim. 

40 41. A silica glass member as claimed in claim 39 in which the member is a plate. 40 

42. A silica glass member as claimed in claim 39 in which the member is cylindrical. 

43. A silica glass member as claimed in claim 39 in which the member Is tubular. 

44. Any novel integer or step, or combination of integers or steps, hereinbefore described and/or 
shown in the accompanying drawings irrespective of whether the present claim is within the scope of, or 

45 relates to th6 same or a different invention from that of, the preceding claims. 45 
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